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Abstract 
The heating and cooling load of a single incubator box was investigated, with a capacity of 38400 eggs incubated at common 
incubation temperature. According to the fact that incubators always work in the form of modules in large-scale incubation plants, 
a module constituted of 15 incubation boxes and 3 hatching boxes is further studied, the energy demand of which is analyzed. 
The result of theoretical load calculation shows that in a single incubator box, there is a conversion from heating load to cooling 
load during the incubation period and both of heating load and cooling load exist at the same time in hatching process of the 
incubator module. The energy-saving potential of traditional incubator is then analyzed and the possibility of using other high 
efficiency methods is also discussed to substitute the electric heater in the poultry incubation equipment and achieve the goal of 
energy conservation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1.Introduction 
According to the data from National Bureau of Statistics of the People Republic of China, the domestic amount of 
poultry had reached 12 billion in 2012, increasing annually in the past few years. The incubator boxes of different 
sizes play a great role in this period to hatch poultry eggs in the poultry industry of China. Traditional incubators use 
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electric heating to meet the necessary heat demand, ventilating the lower-temperature fresh air to provide oxygen for 
the metabolism period of the incubation (Zhang W. et al. 2008). The machine is installed automatic control system, 
feeding back the air temperature signal to control the heating wire and the fans. In this way, the incubators could 
create an optimal condition for the poultry eggs (Zhang H. L. 2007). Large-scale poultry plants always use 
incubators in the form of modules in order to have a steady incubation production. 
 
 
Fig. 1.   Poultry incubation plant 
As showed in Fig. 2., a common incubation of chicken egg takes about three weeks, 18 days for growth and the 
rests for hatching. In large-scale breeding plants, after oviposition, chicken eggs are not sent directly into the 
incubators. Instead, for the reason of manufacture schedule, they are often kept in storage in a low-temperature 
environment for few days (Bergoug H. et al. 2013). When placed in the incubator box with an optimal condition, 
chicken embryos begin to develop. Several studies have shown that a constant environment temperature of 37.5 or 
38ć is a crucial factor for incubation effecting the hatchability (French N. 1997; Lourens A. 2005; Joseph N. S. et al. 
2006). During the metabolism period of incubation, chicken eggs will have an obvious heat production, which has 
been measured by many researchers (Lourens et al. 2007; Janke et al. 2004; M. Nichelmann et al. 1998). And the 
main characteristics of this period are the oxygen consumption, carbon dioxide concentration rising, and the embryo 
changes. Then, 3-day hatching period comes and egg shell’s break indicates the end of hatching. 
 
 
Fig. 2.  Schematic diagram of incubation 
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But, the electric heating causes huge energy consumption during incubation, which has been mentioned by some 
researchers from China (Lin J. 2011; Xie S. Y. 2001). Some also finds ways to replace the electric heating 
equipment supply the necessary energy for an incubator, such as air source heat pump (Lin J. 2012). However, few 
researches have explained the load characteristic of incubation and how much energy it is that hatching equipment 
could use or waste during incubation. That leads to the difficulties for accurate load calculation, which determinates 
the design of system or device applied in incubator box. Therefore, using common load calculation method of air 
conditioning, a theoretical research on the energy load of incubator is carried out. The result of the calculation is to 
measure the energy-saving potential of traditional electric heating incubator, accompanied with an analysis of one 
incubator module. 
2.Method  
The size of incubator model for the theoretical calculation is designed to be 4.4m in length, 3.4m in width and 
2.4m in height, having a capacity of 38400 eggs of the same size (65g), although there are kinds of incubators with 
the capacity of 19200 or 22500 on the market according to our recent market research in China. The incubator was 
made of polystyrene foam sandwich panels, which is usually used for incubator device manufacture. Table 1 shows 
part of the parameters of theoretical calculation. 
  For the incubation environment, the temperature and relative humidity are maintained at 38ć and 50% in the 
incubator, the external ones set at 26ć and 55%. In this paper, we just discuss the heating and cooling load of the 
typical condition in summer and the quantitative analysis of the influence by the external environment of incubator 
will not be mentioned. 
  The method of calculating energy load of the incubator is following the normal principle of air conditioning load 
calculation. But for the reason of the steady environment both inside and outside, the heat transfer of incubator’s 
envelope is steady-state. When calculating heating load, we choose the average method to estimate the heating 
demand when eggs are put into the incubator from the low-temperature refrigeration storage. The equation can be 
simply given as 
Cm tQ n
T
' 
   (1) 
where Q is the mean value of the eggs’ heat absorption, n is the number of eggs, C is the specific heat capacity of 
eggs (ASHRAE 2014), m is the weight of per egg, ∆t is the change of temperature, and T is the average time of heat 
absorption. 
Table 1. The parameters of theoretical calculation 
Day 1 2 3 4 5 6 7 8 9 10 11 
FA˄mϢ/h˅ 0 80 80 80 80 80 80 150 150 150 200 
HP˄mW˅ 0 0 0 0 5 10 12 15 18 20 30 
Day 12 13 14 15 16 17 18 19 20 21  
FA˄mϢ/h˅ 200 200 200 200 300 300 300 500 500 500  
HP˄mW˅ 40 65 95 120 150 160 160 190 220 250  
FA=Fresh air flow. 
HP=Heat production of single egg. The data is selected compared to the researches of Lourens et al. (2007)  
and Janke et al. (2004). 
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3.Results 
3.1.Single incubator’s heating and cooling load 
The energy load curve of single incubator is shown in Fig. 3. When put into incubator at first day of incubation 
period, the eggs have a peak of heating load at about 9kw. After heated for several days, the eggs start to have a 
cooling load at 10th or 12th day. And with the metabolism being more active, the cooling load keeps increasing until 
the last day of hatching, reaching about 9.7kw at 17th day. The fresh air shares part of cooling load during the 
incubation period. Fig. 3 also shows the electric power of the traditional incubator of the same size using electric 
heating, which was measured under the same incubation condition. 
 
 
Fig. 3.  Single incubator’s heating and cooling load curve of 38400 chicken eggs’ incubation 
3.2.Incubation Module’s heating and cooling load 
To achieve the goal of continuous production, incubator boxes are operated as a module in the actual production 
process. Fig. 4 shows the process schedule and the module of 18 incubators is studied. Each batch has 3 boxes of 
eggs to be incubated. And two batches per week are considered, 3 or 4 days’ time interval alternately existing. 
On this condition, the energy load curve of incubation module is calculated and shown in Fig. 5. A cycle period 
of 18 days has been found when all the incubators put into use, 19 days later after first batch of eggs put into 
incubators. The blue curve shows the cooling load of the module and the red one stands for heating one. For the 
reason that the flow of fresh air has been set as above, the cooling demand of system is showed as the green curve. 
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Fig. 4.  Process schedule of combined incubators system 
The result shows that both of heating load and cooling load of the module oscillate periodically during the 18-day 
cycle, although the latter is obviously more than the former. Each batch, when put into incubators, will lead to a peak 
of heating load, about 38kw. When eggs are fully heated, the system’s heating load will maintain 14kw for the other 
time. The cooling load changes from 63kw lowest to 92kw highest, about 75kw in average. It’s clear that the cooling 
load will decrease much to about 40kw in average, if the fresh air is taken into consideration. The part of eggs’ heat 
production that heats the low-temperature fresh air takes up almost 40% of the total cooling load. 
 
 
Fig. 5.  Incubation module’s heating and cooling load curves of incubation 
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4.Discussions 
4.1.Single incubator 
  Although the calculation methods of heating load and cooling load in HVAC are not the same and the heating 
and cooling curves in Figure 1 are discontinuous, it has been proved that single incubator has a demand conversion 
from heating to cooling during the incubation period. But we can’t exactly confirm which time the conversion will 
proceed, which needs more test researches to investigate. In this situation mentioned above, the conversion exists in 
Day 10 to Day 11. This thermal balance of the incubator is determined by the following factors in actual incubation 
production: (a) Individual physical properties of each batch of eggs like egg’s breed, quality, specific heat and 
superficial area. (b) The various flow of fresh air in different operation procedures of incubators. (c) The thermal 
insulation material of the incubator. (d) The heat dissipation of the fans and devices in the incubator. (e) The external 
environment conditions. 
  Heat production of one egg during the metabolism period is not obvious, about 190mw to 220mw at most 
according to some researches (Lourens et al. 2007; Janke et al. 2004; Nichelmann M. et al. 1998). But when hatched 
in large numbers, the 38400 eggs will have more than 10kw heat production in the end of incubation. Even though 
there is necessary fresh air to provide oxygen and undertake part of cooling load, the rest is still so much that an 
additional amount of low-temperature air flow or other cold source is needed. And if the amount of fresh air is too 
large, the evenness of temperature field inside incubator will also be influenced. 
Besides, on the whole, the cooling load of single incubator is much more than the heating one, peak of which 
only exists in the Day 1 of incubation period. 
4.2.Incubation module and energy conservation 
  At early days when system begins to be used, there is only heating load existing, because no cooling demand of 
incubators has appeared. Then, after several days later, the system’s energy load will have a relation to the schedule 
of the operation procedure. If the eggs were not incubated twice a week, the result wouldn’t be the same as above. 
But no matter which schedule is chosen, there exists a circulation period when all the incubators coming into work. 
And in this circulation, the energy load of module will fluctuates and the cooling load is much more than the heating 
one although the necessary flow of fresh air is considered. 
  On this premise, there may be two ways to conduct the energy-saving reconstruction of traditional incubators. 
One is to find high-efficiency technique to replace electric heater, especially in those incubators of small size. Heat 
pump has been tested with a good result recent years, such as air source heat pump or ground source heat pump (Lin 
J. et al. 2012). Solar energy also has been tried in early years, though no reliable product has been developed because 
of its huge initial cost and stability. But this way can only have energy-saving function in the heat supply and the 
cooling period of incubation still needs the refrigeration method to support. 
The other one is to find ways to make use of the large amount of heat production in the metabolism period of 
incubation. In the past few decades, the type of roadway incubation equipment was claimed to be the most advanced 
hatching machine using the technology of incubation in batches (Zhang H. W. 1999). However, few products are on 
sale in the market, for the majority of this equipment is imported from overseas. According to the characteristic of 
the incubation module found above, we think heat recovery technology and water-loop heat pump have the ability to 
achieve the goal to reuse the heat production. Heat recovery water chiller has been widely used in air conditioning 
system of many hospitals or hotels to make the necessary living hot water (Wang Z. L. 2010). And the water-loop 
heat pump has been proved to have the advantage in balancing the cooling load and heating load in different districts 
in one building or system and achieving the energy-saving goal (Liu T. W. 2010). Of course, more practice 
researches are needed to be carried out. 
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5.Conclusions 
The characteristic of heating and cooling load has been studied both in single incubator and incubation module. 
For one single incubator of 38400 eggs, there is a changing point from heating load to cooling load during the whole 
21-day incubation period, which is influenced by the eggs’ heat production, the equipment’s heat dissipation, the 
external environment, and the fresh air flow. And the peak of heating load only exists in Day 1, while a steady 
heating load, about 1.5kw, lasts for few days. The cooling demand of the incubator is increasing during the 
metabolism period, reaching 9.7kw at Day 18. For incubation module, both of heating load and cooling load exist at 
the same time in the incubation process, although the former, about 14 on average, is much less than the latter, about 
75kw on average. It has been widely accepted that traditional incubator’s electric heater has a huge energy waste. In 
theory, heat pump has the ability to increase the efficiency of heat supply, and the heat recovery technique and the 
water-loop heat pump could balance the simultaneous heating and cooling load in theory, all of which are 
recommended to be used in incubator’s energy-saving reconstruction. 
More practical measurement studies are needed to test all the theoretical results, as well as the applicability and 
stability of all kinds of the energy-saving technology that has been mentioned. 
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